Summary &horbar; The objective of this study was to investigate the effects of bovine insulin on growth responses in tilapia. Juvenile hybrid male tilapia (Oreochromis niloticus x 0 aurea; n = 135) were subjected to 1 of 3 treatments. Each treatment was subdivided into 3 replicates of 15 fish each. The fish were immersed into 1 of 2 doses (10 and 100 pg/100 ml water) of insulin or no hormone for 15 min per week for 8 weeks. Body weight, growth and feed conversion efficiency were significantly higher as a result of the first 4 weeks of insulin treatment as compared to control fish. The lower dose of insulin had a better stimulation effect than that of the higher doses. Insulin also stimulated feed consumption. Liver protein and protein/DNA ratio were higher in both insulin-treated groups than in the control group. Muscle proximate composition and hepatosomatic index were similar in the insulin-treated and control groups. The experimental findings suggest that insulin administered by immersion can enhance growth, feed consumption, food utilization and liver cell size in tilapia.
INTRODUCTION
Several anabolic hormones have been studied with respect to their involvement in fish growth (reviewed by Donaldson et al, 1979) . These hormones have included growth hormone (Higgs etal, 1975 (Higgs etal, , 1977 Degani and Gallagher, 1985) , several androgens (Degani and Gallagher, 1985;  Lone, 1989) , estradiol (Lone and Matty, 1983) , insulin (Ablett et al, 1981 a; Plisetskaya et al, 1984; Degani and Abraham, 1992) , thyroxine (Matty, 1986) , triiodothyronine (Higgs etal, 1982) and insulin-like growth factor (Bern et al, 1991; Mc Cormick et al, 1992 Lone, 1985; Hilton et al, 1987) . Insulin treatment decreased plasma-free fatty-acid and cholesterol levels (Minick and Chavin, 1972; Perez et al, 1989) , while it enhanced tissue lipid content (Ablett et al, 1981 a; Perez et al, 1989) . Insulin has been suggested to involve in growth physiology of fish because it enhances protein anabolic processes (Plisetskaya et al, 1991; Sundby et al, 1991; Degani and Abraham, 1992) . The increased uptake of amino acid by muscle and liver cells was found in fish (Tashima and Cahill, 1968; Ablett et al, 1981 b) . However, Ludwig et al (1977) showed that injection of bovine insulin did not significantly increase the growth of coho salmon. Ablett et al (1981 a) indicated that higher doses of insulin increased growth when administered for 56 d in rainbow trout. Oral administration of insulin significantly stimulated growth in eels (Degani and Abraham, 1992 (table III) .
DISCUSSION
The results of the present study show that bovine insulin can significantly increase the growth of tilapia. The growth effect was found to be more pronounced between weeks 0 and 4 when the fish were administered 10-100 pg insulin/1 00 ml.
Although growth-promoting responses were observed in the insulin-treated tilapia, the effects were only statistically significant in the first half of the treatment period. The increasing density of fish in the tanks during the final period of the experiment may have resulted in the non-significant differences in growth of the fish between 6 to 8 weeks.
Moreover, failure to observe the effects of insulin immersion in larger tilapia may have arisen from the high endogenous production of growth-stimulating hormones or factors. The decreasing capacity of insulin uptake by large fish and development of the resistance to insulin should also not be excluded.
Insulin administration by the immersion procedure rather than giving the hormone via the oral route or injection was used in this experiment to avoid degradation of the peptide by digestive enzymes or handling stress due to injection. Injection is one of the popular routes for insulin administration in fish studies (Ludwig et al, 1977; Ablett et al, 1981 a) . In this study, dipping the fish in a solution of insulin for 15 min seemed to be enough for the uptake of insulin. Bovine serum albumin was detectable in the plasma of chum salmon when it was administered by immersion for only 3 min (Ototake et al, 1992) . The uptake of the insulin may have been rapid because the molecular weight (6 000 Da) of the hormone is not large. The amount of insulin uptake in circulation was not measured in this study because the fish size was too small to bleed.
The uptake of exogenous compounds by bath immersion was first reported in fish by Amend and Fender (1976) . Administration of an enkephalin analog to tilapia by immersion for 15 min every week was also found to enhance growth (Chang and Lin, 1991 ) . Tatner and Horne (1983) showed that immersion of rainbow trout in a solution of Vibrio anguillarum vaccine for just 10 s was long enough for vaccine uptake. The gills (Zapata et al, 1987, Kawahara and Kusuda, 1988) , oral-digestive tract (Tatner, 1987) and lateral line (Fender and Amend, 1978) were the likely sites of absorption of the exogenous insulin. The oral absorption of biologically active bovine insulin was shown in common carp and European eel (Degani and Abraham, 1992; Hertz et al, 1992) . The exact mechanism of insulin entry in this experiment remains unknown and needs to be studied further.
The administration of bovine insulin to coho salmon tended to increase their specific growth rate and food utilization (Ludwig et al, 1977) . Insulin was first found to stimulate feed consumption in fish. In human, insulin has different effects on the stimulation of food consumption depending on dose (Morley, 1987 (Lone and Matty, 1980, 1983; Korsgaard, 1990; Chang and Lin, 1991 ) .
However, hepatosomatic index was not higher in the insulin-treated tilapia as compared to that in the control group. Hepatosomatic index may not be able to reflect the hypertrophy of the liver because other liver components such as liver glycogen often decrease in fish after insulin treatment (Ottolenghi et al, 1982; Ince, 1983) .
The insulin-treated fish also showed a lower hepatosomatic index although the content of liver protein was higher (Lewander et al, 1976; Carneiro and Amaral, 1983) .
The general effects of insulin on carbohydrate and protein metabolism are to increase uptake of substrate by cells. The most obvious response of carbohydrate metabolism to exogenous insulin administration in fish is hypoglycemia (Ablett et al, 1981a; Ince, 1983) . Insulin has a variable effect on liver glycogen and increases muscle glycogen (Tashima and Cahill, 1968; Lewander et al, 1976; Ablett et al, 1981a; Carneiro and Amaral, 1983) . However, the hepatosomatic index was not different between insulin-treated and control groups in this experiment. Liver glycogen showed a decrease whereas in muscle there was an increase after insulin treatment in fish (Ottolenghi et al, 1982; Perez et al, 1989) . Ablett et al (1981 a) indicated that the role of insulin in carbohydrate metabolism may be directed to oxidative reaction of glucose but not generally to glycogen deposition.
The absence of any effect of insulin on lipid content in muscle was found in this study. Insulin decreases plasma-free fattyacid concentrations and has antilipolytic effects in most fish species (Minick and Chavin, 1972; Ince and Thorpe, 1975; Lewander et al, 1976) . Furthermore, no significant effect on lipid muscle content was observed in sea bass by insulin injection (Perez et al, 1989) . The role of insulin in the regulation of protein anabolic effects has been studied and this may be one of the major functions of insulin in fish (Murat ef al, 1981 For instance, insulin has been found to significantly lower plasma aminoacid nitrogen in the European silver eel (Anguilla anguilla), northern pike (Esox lucius) and rainbow trout (Ince and Thorpe, 1974; Thorpe and Ince, 1974; Ablett ef al, 1981 b) . Furthermore, insulin has been noted to increase the incorporation of amino acids into the muscle and liver protein of fish (Tashima and Cahill, 1968; Lewander et al, 1976 (Bern etal, 1991; McCormick etal, 1992 (Plisetskaya, 1990; Sumpter et al, 1991 ) . In mammals, growth hormone is less effective in the absence of insulin (Daughaday et al, 1975) and this may also be true in fish. The involvement of IGF and receptor of IGF in growth regulation in fish under the effects of insulin immersion should also not be excluded (Bern etal, 1991; Duan and Hirano, 1992; McCormick etal, 1992) . Insulin could bind IGF receptor and stimulate growth effect (Bern et al, 1991 ) .
In conclusion, our experimental finding suggest that insulin administered by immersion can enhance growth, feed consumption, food utilization and liver cell size in tilapia. 
